Abstract: An inherited mutation is not always immediately toxic. Some mutations cause 17 symptoms during youth, while other mutations cause symptoms during adulthood. Mutant 18 animals that show delayed onset of disease symptoms may provide insights into 19 mechanisms that maintain functional capacities during adulthood. Here, we take 20 advantage of the relatively short lifespan of the nematode Caenorhabditis elegans and 21 develop a novel screening procedure to collect mutants with locomotor deficits that 22 become apparent in adulthood. After ethyl methanesulfonate mutagenesis, we isolated 23 five C. elegans mutant strains that progressively lose adult locomotor activity. In one of 24 the mutant strains, a nonsense mutation in Elongator Complex Protein Component 2 25 (elpc-2) causes a progressive decline in locomotor function. Other C. elegans elpc 26 mutants were also unable to maintain locomotor function during adulthood, indicating 27 that the Elongator complex plays a critical role in maintaining locomotor healthspan in C. 28
elegans. 29 30
Isolation of mutants that progressively lose locomotor activity during adulthood 109 We mutagenized wild-type N2 worms using ethyl methanesulfonate, and 110 screened 3352 F2 offspring from 500 F1 worms (1000 genomes) (Table S1 ). We carried 111 out the Edge Assay for the mutagenized F2 offspring on the first day of adulthood (Fig.  112   2A) . To remove worms with developmental defects, worms that could not complete the 113
Edge Assay in 15 min were aspirated away ( Fig. 2A) . Only worms that completed the 114 Edge Assay on the first day of adulthood were kept for further screening. On the third and 115 fifth days of adulthood, we tested the worms again with the Edge Assay and collected 116 slow or uncoordinated mutants that remained near the center of the Edge Assay plate after 117 60 min ( Fig. 2A) . By removing worms with strong developmental defects on the first day 118 of adulthood, we were able to isolate worms that progressively lost locomotor function 119 during adulthood. We isolated 22 viable mutants, and created individual strains from 120 those mutants (Table S1 ). Five of those mutant strains reproducibly showed progressive 121 deficits in completing the Edge Assay during adulthood (Fig. 2B) . 122
To determine whether isolated mutant strains have deficits in locomotor function 123
and not sensory function or search behavior, we measured locomotor function of worms 124 on an agar plate without food. We recorded one-minute videos of 15 worms freely moving 125 on a plate, and measured the maximum velocities and total travel distances for each worm. 126
For each strain, we recorded three plates of 15 worms on the first, third, and fifth days of 127 adulthood. All isolated mutant strains showed significantly greater reductions in 128 maximum velocity and travel distance from the first to fifth days of adulthood compared 129 to wild type except for ix240 worms ( we checked for individual lines that still showed a progressive decline in locomotor 137 function. We measured the maximum velocity and travel distance of individual worms 138 on an agar plate without food on the first, third, and fifth days of adulthood. ix241 and 139 ix243 worms still showed significant reductions in both maximum velocity and travel 140 distance after the fourth backcross (Fig. 3A, B, D; Fig. S3A-D) . 141
To check whether ix241 and ix243 worms were simply aging faster than wild-142 type worms, we measured lifespans of the two strains. The lifespan of ix241 worms was 143 not significantly shortened compared to that of wild type ( Fig. 3E ; Table S2 ). The median 144 lifespan of the ix243 worms was shortened by two days ( Fig. 3C ; Table S2 ). To compare 145 relative reductions in lifespan and locomotor healthspan, we measured the maximum 146 velocities of wild type and ix243 worms for 10 days (Fig. S4A) . We quantified the percent 147 decrease in lifespan by comparing the areas under the survival curves of wild type and 148 ix243 worms (Fig. S4B) . We quantified the percent decrease in locomotor healthspan by 149 comparing the areas under the decline in maximum velocity curves of wild type and ix243 150 worms (Fig. S4C) . For ix243 worms, there is an average 11.5% reduction in lifespan, 151 while there is a significantly greater 18.5% reduction in locomotor healthspan (Fig. S4D) . 152 ix243 worms take a 13.9% longer time to reach adulthood (Table S3 ). The 153 developmental delay was taken into account for locomotor and lifespan measurements by 154 allowing ix243 worms an extra 10 h to develop, and starting locomotor and lifespan 155 measurements from the first day of adulthood. ix243 worms show a 17.7% decrease in 156 maximum locomotor activity on the first day of adulthood compared to wild-type worms 157 (Fig. 3B) . The deficit in locomotor capacity compared to wild-type worms increases to 158 54.8% on the fifth day of adulthood (Fig. 3B) . These results suggest that the ix243 mutant 159 allele has modest negative effects on development and lifespan, with relatively stronger 160 negative effects on locomotor healthspan. 161 ix241 worms take 4.0% longer to reach adulthood (Table S3) and show an 18.1% 162 decrease in maximum locomotor activity on the first day of adulthood compared to wild-163 type worms (Fig. 3D) . The deficit in locomotor function compared to wild-type worms 164 increases to 43.0% on the fifth day of adulthood (Fig. 3D) . The ix241 mutant allele has 165 no negative effect on lifespan, a modest negative effect on development, and a relatively 166 stronger negative effect on locomotor healthspan. 167
168
Nonsense mutation in elpc-2 causes progressive loss of adult locomotor function in 169 ix243 worms 170 We used whole genome sequencing and a modified version of the sibling 171 subtraction method to identify the causative mutation site in the ix243 strain (Fig. S5)  172 (17). Mutations were evenly induced on all chromosomes in the ix243 mutant strain 173 before backcrossing (Fig. 4A ). Many mutations remained on Chromosome III after 174 comparing mutations in backcrossed strains that show a progressive loss of adult 175 locomotor function and subtracting mutations in backcrossed strains that do not show 176 progressive loss of adult locomotor function ( Fig. 4B ; Table S4 ). A nonsense mutation 177 from TGG to TAG within the protein coding region of elpc-2 was predicted to disrupt 178 protein function ( Fig. 4C ; Table S4 ). Presence of the elpc-2 mutation site was confirmed 179 by Sanger sequencing (Fig. 4D) . 180
To test whether loss of elpc-2 causes a progressive decline in locomotor 181 function, we injected a genomic fragment of elpc-2 including 2090-base pairs (bp) 182 upstream of the start codon and 851-bp downstream of the stop codon in the ix243 183 mutant strain. The wild-type elpc-2 fragment rescued the progressive loss of adult 184 locomotor function ( Fig. 4E, F; Fig. S6A (Fig. 5A, B have also found that locomotor healthspan is not strongly affected in daf-16 mutants 214 during early adulthood (6, 24). Therefore, DAF-16 may be involved in maintenance of 215 locomotor healthspan during later stages of adulthood compared to HSF-1. 216
In the hsf-1(sy441) and elpc-2(ix243) mutant strains, progressive decline in 217 locomotor function occurs during similar time frames from the first to fifth days of 218 adulthood ( Fig. 3B; Fig. 6A ). Therefore, we tested whether locomotor deficits caused by 219 loss of elpc-2 and loss of hsf-1 occur by the same or independent mechanisms. If the 220 two mutations cause locomotor deficits by independent mechanisms, we expect more 221 severe locomotor deficits in the hsf-1(sy441);elpc-2(ix243) double mutant than in single 222 mutants. The hsf-1(sy441);elpc-2(ix243) double mutants showed no additive 223 deficiencies in locomotor function compared to the hsf-1(sy441) mutant strain ( Fig. 6B ; 224 Fig. S9C, D) . The percent change in locomotor activity between adult day 1 and 5 was 225 not significantly different between the single hsf-1(sy441) and elpc-2(ix243) mutant 226 worms ( Fig. 6B; Fig. S9D ). These findings suggest that hsf-1 and elpc-2 mutations may 227 cause locomotor deficits by overlapping mechanisms. There was however, a significant 228 difference between the locomotor activity of the elpc-2(ix243) mutant strain and the hsf-229 1(sy441) mutant strain on adult days 1, 3, and 5 ( (Table S3; Table S5 elegans. In our newly isolated elpc-2(ix243) strain, we also see deficits in locomotor 303 function on the first day of adulthood and a delay in development ( Fig. 3A, B; Fig. S3A , 304 neurodevelopmental dysfunctions that result from the human ELP2 mutation may be 307 modeled in our elpc-2(ix243) mutant strain. 
Edge Assay 335
Edge Assay plates were prepared by pouring 16 mL of NGM agar into a circular 9 cm 336 plate. NGM plates were dried overnight with the lid on at 25°C, then kept at 4°C until 337 use. On the day before the Edge Assay, a total of 100 µL of E. coli suspension was 338 spotted on four spots near the edge of the NGM plate. The tip of a 50 mL serological 339 pipette was briefly placed over a flame to smoothen the tip. The NGM plate was placed 340 on an inoculating turntable and the smoothened pipette tip was held against the E.coli 341 drop. The plate was slowly rotated while holding the pipette tip still. The plate was 342 rotated 360° to spread the E. coli around the edge of the whole plate. Plates wereand washed twice with M9 buffer containing 0.1% gelatin. Worms were placed on the 345 center of an Edge Assay plate and excess M9 buffer was removed with the edge of a 346
Kimwipe. The number of worms that reached or did not reach the edge were counted at 347 various time points to measure the Edge Assay completion rate. 348 349
Isolation of mutants manifesting a progressive decline in locomotor function 350
Wild-type N2 worms were mutagenized and cultured as previously described (12)
Worms that were unable to reach the edge were collected as adult day 3 progressive 360 locomotor deficit mutants. Worms that reached the edge were maintained on the same 361 plate until adult day 5. On adult day 5, worms were collected and washed with M9 362 buffer containing 0.1% gelatin and the Edge Assay was repeated on a new Edge Assay 363 plate. Worms that were unable to reach the edge were collected as adult day 5 364 progressive locomotor deficit mutants. 365 366
Measurements of maximum speed and travel distance 367
Worms were synchronized by placing five adult day 1 worms onto an NGM plate with 368 food, and allowed to lay eggs for 3 h. When the offspring reached adult day 1, 15 369 worms were picked randomly onto a 6 cm NGM plate without bacteria. After the worms 370 moved away from the initial location with residual food, worms were again moved onto 371 a different NGM plate without bacteria. Movement of worms was recorded for 1.0 min 372 with a charge-coupled device camera INFINITY3-6URM (Lumenera Corporation, 373
Ottawa, Canada). Images were analyzed using ImageJ and wrMTrck software 374 (www.phage.dk/plugins) to produce maximum speed and travel distance (34). 375
Measurements were made with the lid on in a temperature-controlled room set at 20 °C. 376
At least three biological replicate plates of 15 worms each were measured for each 377 strain. Worms that were lost during the video recording were not included in the 378 analysis. 
